Abstract. The thermal load performance optimization and control is an important means for performance analysis, control research and operation optimization of steam turbine. It has great significance for operator training, parameter adjustment and decision support. In saturated steam turbine, the rapid expansion of steam will lead to non-equilibrium two-phase condensation flow, and the model establishment is more complicated. In order to study the thermal characteristics of saturated steam turbine during load changing process, the non-equilibrium box model of two phase flow was used to simulate the process of vapor-liquid two phase flow in the saturated steam turbine cascade, analysed the energy and mass exchange process in cascade passage of saturated steam turbine, on the basis of these theories, a segemented lumped parameter model that could reflect parameter distribution between cascade passage of saturated steam turbine was established.
Introduction
Steam turbine is the most important thermal equipment in the power station and all kinds of ships, its external characteristics and related mechanisms have always been one of the issues of interest. For large-scale ship systems, the system is too complex, it is difficult to study the dynamic performance of the system via test, and it is also uneconomical. Real-time dynamic simulation of steam turbine is an effective method to study its dynamic performance, control law and optimization control strategy. It can provide abundant data with certain accuracy and reliability, it is also very helpful for the optimization of ship steam turbine and the training of ship operator.
Turbine modeling involves the knowledge of dynamics, thermodynamics, fluid mechanics, and impeller mechanics. How to choose the right modeling method is critical. At present, the study of the thermal characteristics of the high-power saturated steam turbine [1] [2] [3] during load changing process is less. Most of the calculation models are based on the rated operating conditions or the stable design conditions, the micro-disturbance model under the stable condition or multiple sets of operational data is adopted to fit the transition process [4] [5] [6] [7] .These model cannot reflects full operating characteristics of steam turbine accurately. While the dynamic model established according to the working principle of the steam turbine and the thermodynamic properties of the saturated steam is too simplistic to deal with the two-phase flow characteristics of the saturated vapor, it can only reflect the single-phase flow characteristics [8, 9] of saturated vapor in the steam turbine, which cannot meet the requirements of the maneuverability simulation and the research about the transient characteristics when the load of steam turbine changes rapidly. So it's necessary to adopt a more appropriate method to simulate the complex process of cascade flow in saturated steam turbine.
In this paper, the flow of saturated steam in the cascade is simplified by the working principle of the elementary level. The two-phase flow box mathematical model is used to deal with the mass exchange process of vapor-liquid two-phase in the cascade flow channel. The influence of dynamic evaporation and condensation of water film on the performance of steam turbine unit is calculated. Based on the calculation of the inlet and outlet parameters of each cascade, the segemented lumped parameter model [10, 11] of cascade is established.
Analysis of Simulation Method
High-power saturated steam turbine can be treated as a fixed volume control body, each cascade can be seen as an active component with flow exits and it is assumed to be a two-phase unbalanced box, then, considering the dynamic evaporation, condensation and the resulting energy conversion and mass exchange process between two phases, using the mass, energy and volume balance equations to establish the model of two kinds of phase control body of vapor phase and liquid phase. By introducing the flow model of the basic-level theory, the complex three-dimensional flow is simplified into a-element flow with the streamline as the coordinate.
(1)The flow boundary of the inlet and outlet of the steam turbine cascade is used as the condition of dividing the control body, and ignoring the quality force of the fluid in the body.
(2)Ignoring the heat transfer of steam and cascade, the steam expansion process in cascade is treated as adiabatic.
(3)The liquid phase as a single homogeneous distribution appears, ignoring the velocity slip difference between vapor-liquid two-phase.
(4)Ignoring the shaft guide heat between the steam turbine and steam . (5)The inlet flow field of Cascade is uniform, and the control boundary of inlet and outlet does not change with time.
(6)The pressure and velocity of the front and back infinity of the cascade are regarded as uniform.
Model of Steam Flow Process

Mass Conservation Equation of Cascade Flow
By the hypothesis condition (1) of this section, the control body of cascade at all levels of steam turbine is determined and the mass conservation equation is established.
According to the hypothetical condition(6), The control boundary of cascade does not change with time,so 0 ti dV dt  , eq.1 can be reduced to:
The vapor phase and the liquid phase are divided into two separate control bodies, and the mass conservation equation of vapor-liquid two-phase flow in saturated steam turbine cascade is established.
In the above equation 
Energy Equation of Cascade Flow
From the hypothesis (2) we can see,the flow process of steam in the cascade is adiabatic, The energy conservation equation of cascade control body is established. 
When ignoring the mass force of the control body, the total energy of the working mass is the sum of the internal energy and macroscopic kinetic energy: 
In the process of changing working condition of steam turbine, the flow velocity and pressure change of the working fluid in the cascade are much faster than the enthalpy value, therefore, the second and third items on the left side of the equation can be omitted when solving eq. 6, simplify it to the following equation:
Since the working fluid of the saturated steam turbine is wet steam, considering the flow velocity of vapor phase and liquid phase in two-phase flow is different, so applying the above model to vapor phase and liquid phase respectively, and then you can get the following equation: 
Effect of Water Film on Unit Performance
Saturated steam expands and does work in a steam turbine, and the humidity of the steam is increasing. During this process, water film formed on the inner surface of the turbine cascade and the flow-through portion and the water film is saturated. The phenomenon of flash evaporation and condensation occurs during the variable load process of a steam turbine.
(1)Assuming that the water film covered on the cascade evenly, the flow and drip of water film are neglected;
(2)The water film is always saturated, the steam produced by flashing is saturated vapor, and the condensate produced by condensation is saturated water; (3)Ignoring the natural evaporation and condensation of water film, and neglecting the effect of water film thickness on the fluid area of the unit.
Under the above assumptions, the cascade exit parameters are treated as lumped parameters to establish a mathematical model for water film flash and condensation processes: 
Simulation of External Characteristic of Steam Turbine
According to the lumped parameter model of the saturated steam turbine, the inlet and exhaust parameters of steam turbine are used as boundary conditions, the parameter distributions of cascades at all levels can be obtained through a series of iterative operations. According to the Assumption conditions (2) and (6),the flow of steam in the cascade is adiabatic, the output power of the turbine can be calculated by the following equation:
The expansion of steam in steam turbine is an irreversible process, some of the common losses are loss of humidity, frictional loss, leakage loss in class, fan loss and blower loss, considering these kinds of losses comprehensively, and the internal efficiency of steam turbine class is obtained after considering these kinds of losses comprehensively.
( )
In the process of changing conditions,the load of steam turbines and propellers will change,The imbalance between the two will cause changes in the shaft speed,by the energy conservation equation:
Simulation Experiment and Result Analysis
A saturated steam turbine of a marine nuclear power plant is used as a simulation object [12] ,using the model established in this paper to simulate its dynamic characteristics, under the support of Simuworks simulation support platform, the simulation experiments are carried out on the process of turbine lift load and drop load respectively, the results are shown in Figure 1 and Figure 2 . Figure 1 is the simulation calculation of the steam turbine acceleration process, due to the increase of the valve opening of the turbine nozzle, the steam intake of the steam turbine increases, affected by the regulation characteristics of the control system, the flow curve gradually stabilized after a period of time. It takes a while for the steam to start outputting, therefore, the change of the shafting speed curve is slightly behind the flow curve. Because of the average temperature invariable operation scheme of primary loop, the steam turbine inlet pressure decreases with the increase of intake steam. Due to a large thermal inertia of primary loop, the pressure parameter change of steam turbine is slower than the flow parameter, and the time required for pressure stabilization after disturbance is longer. Figure 2 is the simulation calculation of the steam turbine deceleration process, due to the decrease of the valve opening of the turbine nozzle, the steam intake of the steam turbine decreases, however, the metal wall's temperature is greater than the steam temperature in the flow path, the metal wall will heat the steam, and the steam continues to swell and the power of the turbine will not fall rapidly. After the steam temperature and the metal wall temperature balance, the turbine power gradually drops, and the variation curve of shafting speed is slightly behind the flow curve. And the change of steam turbine inlet pressure is opposite to the process of deceleration process. In the process of variable load of saturated steam turbine, due to the phenomenon of water film flashing and condensation, the time of variable load process in saturated steam turbines is longer than that of ordinary steam turbines.
Conclusion
This paper starts from the flow characteristics and physical laws of wet steam, on the basis of the corresponding simplification of the steam flow process, the mathematical model of two-phase unbalanced box of cascade flow path is established by using the theory of primitive stage theory and the derivation process of the model is elaborated in detail. In the process of modeling, the expansion process of steam in turbine cascade, the mass-energy exchange process between vapor-liquid two phases and the evaporation and condensation of water film is considered synthetically. The model can accurately reflects the dynamic characteristics of a saturated steam turbine under variable operating condition process. It has certain reference value for the operation optimization and control strategy formulation of saturated steam turbine in the large-scale ship .
